Clinicians experience difficulty in correctly interpreting the results of in vitro thyroid function tests in the presence of abnormalities of thyrobinding proteins or when results are borderline. This difficulty has been largely resolved in our laboratory by three innovations. First, the borderline areas for each of three routine tests of thyroid function (total thyroxine, thyrobinding index, and free thyroxine index) were accurately determined. Second, the results from this routine profile of three tests were displayed pictorially so as to produce patterns characteristic of various diagnostic situations, including euthyroidism in the presence of abnormalities of thyrobinding proteins. Third, interpretive comments and, in the case of borderline patterns, suggested further testing procedures were added to the report. Clinicians find the reporting system helpful and respond when additional tests are suggested. The system, operated manually at first, was later computerized. In routine in vitro tests of thyroid function, the two main causes of interpretive difficulty are abnormal results caused by frequently occurring abnormalities of thyrobinding proteins and results falling near the borderline of the ranges.
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Addftlonal Keyphrases: total thyroxine #{149} thyroxine binding Index #{149} free thyroxine index #{149} diagnostic aid #{149} thyroid status In routine in vitro tests of thyroid function, the two main causes of interpretive difficulty are abnormal results caused by frequently occurring abnormalities of thyrobinding proteins and results falling near the borderline of the ranges.
The first difficulty is commonly overcome by combining the measurement of the total circulating thyroxine concentration in serum with that of the concentration of unoccupied thyrobinding sites on the serum proteins. From the results of these two tests a mathematical index proportional to the metabolically-active free thyroxine concentration is then derived (1) (2) (3) . This "free thyroxine index" is less affected by abnormalities in the thyrobinding proteins. However, the three results produced may be difficult for the average practicing clinician to interpret.
The second difficulty must be solved by painstakingly determining the borderline, overlap, or "grey" zones for each test, because the patients who present real clinical diagnostic problems are often the same as those who have borderline results for thyroid function tests. This involves the careful determination of reference ranges, not only for euthyroid but also for hypothyroid and hyperthyroid populations.
Results from patients with moderate and marginal degrees of abnormality must be included to arrive at valid borderline zones. The clinical chemist must also communicate the reference information to his clinical colleagues and aid them in the selection of appropriate further courses of action. Using a routine triad of measurements-total thyroxine, thyrobinding index, and free thyroxine indexwe carefully established the upper and lower borderline areas for each test (4, 5) . We then introduced the pictorial system described here for the reporting of the routine profile of results and added interpretive comments. Patients with abnormalities of thyrobinding proteins nearly always yielded characteristic patterns, and most patients with a borderline result for one test had a combination of results from the profile of tests that was likewise diagnostic. Those remaining patients in whom the combination of results was still equivocal required further, more discriminating procedures, such as serum T3, T3-suppression, serum thyrotropin or thyrotropin-stimulation tests to assess thyroid function, and these were recommended on the report. Clinicians find the system helpful and usually respond when further procedures are suggested.
Methods and Materials
Methods
The three thyroid tests were: Total thyroxine (total T4) by a modified Murphy technique (6) corrected for 80% extraction efficiency, with a mean value of 9.2 ig/dl, an SD of 1.4 ig/dl, and a 95% reference range of 64-120 zg/liter.
Thyrobinding index (T.B.I.) measured by a kit procedure ("251-Tri-Ionex"; Curtis Nuclear Corp., Los Angeles, Calif. 90058) with a mean of 1.00, an SD of 0.075, and a 95% reference range of 0.85-1.15. Because this test gives a direct measure of the thyrobinding capacity of the serum proteins, it was preferred to the triiodothyronine resin uptake method. Free thyroxine index (F.T.I.) derived from the ratio of total T4 to T.B.I., with a mean of 9.3, an SD of 1.50, and a 95% reference range of 6.3-12.3.
A detailed account of these three procedures, including modifications, is given in a separate publication (7) . All normal reference ranges were established on 100 apparently healthy male blood donors. To establish the critical borderline zones for each test, we took into consideration the scatter of results obtained in 83 consecutive patients passing through a referral thyroid unit (5). These cases were ideal for elucidating the borderline areas, because they usually presented some diagnostic problem and many had minor abnormalities of thyroid function. A general history, drug history, clinical examination, and scoring of clinical features were done in each case, either by an endocrinologist or a physician in nuclear medicine. Six other patients with conditions or taking medications known to affect concentrations of thyrobinding proteins (e.g., pregnancy and estrogen pill) were excluded from this part of the study. The three in vitro thyroid function tests under discussion plus thyroid antibody studies, mTcpertechnetate and 1311-thyroid uptakes and scans were performed. A clinical team consisting of an endocrinologist, two physicians in nuclear medicine, and a medical clinical chemist assessed the clinical and laboratory information.
In 16 instances, additional investigations were necessary (six T3-suppression tests, eight thyrotropin-stimulation tests, and two perchlorate discharge tests) before a definitive diagnosis could be made. Of 83 consecutive qualifying patients, 52 were assessed as euthyroid, 24 as hyperthyroid, and seven as hypothyroid. The 99 percentile limits for euthyroidism, hyperthyroidism, and hypothyroidism obtained from this study were then used to construct Figure 1 . 99 percentile limits on patients rather than 95% limits on normal blood donors were chosen so that those difficult cases with marginally abnormal results could be more accurately assessed. With use of the limits shown in Figure 1 , a further 487 consecutive patients (296 euthyroid, 167 hyperthyroid, and 24 hypothyroid) from the thyroid unit were studied, and members of the team were agreed that these limits were optimal. Figure 1 shows that there are five areas for each of the three test results (total T4, TBI, and F!'!): (a) a definite euthyroid area; (b) a definite hypothyroid area; (c) a definite hyperthyroid area; (d) a lower overlap, borderline, or "grey" area, where results from either euthyroid or mildly hypothyroid cases may be found; and (e) an upper overlap, borderline, or "grey" area, where results from either euthyroid or mildly hyperthyroid cases may fall.
Results
Note that the 99 percentile euthyroid ranges found in patients were significantly wider than the 95% limits found in normal blood donors. Thus our euthyroid range for total T4 extended to 15.0 g/dl. Other workers have found even higher concentrations for total T4 (when corrected for extraction efficiency) in euthyroid patients (8, 9 tests, had results for single routine tests in the usual euthyroid range. Thus our hypothyroid range for total T4 extended up to 8.0 tg/dl. This range is correct, for we have subsequently seen patients with total T4's up to 8.0 tg/dl who were shown to be hypothyroid, because their thyroidal uptakes and biochemical findings failed to respond to thyrotropin stimulation, they had up to 12-fold normal values for serum thyrotropin, which declined to normal on thyroxine replacement. Furthermore, total T4 concentrations up to and above 8.0 tg/dl have been described in proven cases of hypothyroidism (10, 11) .
From a consideration of all the foregoing data, a computer was programmed to print out diagnostic comments and, in the case of borderline results, to suggest further diagnostic tests, such as T3-suppression or thyrotropin-stimulation tests. Examples of patterns commonly seen in practice are depicted in Figures 2-4 . The computer printed out the patient's three results plus a reference table on which the results were entered manually as bold red shaded circles. Note that the scale for TB! ran in the opposite direction to that of the total T4 and FTI scales to facilitate pattern analysis. We adopted scales for placing the red circles, so that the extreme values on the report form for total T4 and FTI were 0 and 20 and for TB! were 1.50 and 0.50. Values outside these extremes were indicated by thick red arrows, as in Figure 7 . The computer also printed a comment on the most likely func- tional diagnosis and on the presence of any apparent binding abnormality. In addition, it printed out a suggestion of further tests to be done in those patients under sixty years of age who had the appropriate borderline profiles (e.g., a T3-suppression or thyrotropin stimulation test). A note, "if considered to be safe," was added to the suggestion as a reminder of the possible dangers of these tests in patients of any age who had decreased cardiac or adrenocortical function. The two in vivo further tests mentioned above can now be replaced by the recently introduced in vitro radioimmunoassays for serum T3 and serum thyrotropin, which are without risk to the patient. Some computer-generated reports are shown in Figures 5-7 .
Discussion
When appraising the results of routine thyroid function tests in individuals, we found that it was insufficient to know the 95% reference ranges for the euthyroid population, as both positive and negative diagnostic errors occurred (7). We also needed to know the amount of overlap possible between the results of euthyroid and abnormal populations for each routine test.4 Table 1 PRT 24/07 #{163}5229 Fig. 6 . Computer-generated report for a patient with borderline hyperthyroidism The subject was under sixty years of age, so a T3-suppression test was suggested, provided cardiac and adrenocortical reserve were adequate ferral thyroid unit (six on result-affecting drugs) and whose thyroid status in each case was known with fair certainty. As can be also seen, the knowledge of overlap areas led to significantly better diagnostic discrimination in these 89 patients. Further experience with almost 500 additional consecutive patients passing through the thyroid unit (5) and information fed back by clinicians at large using the latter diagnostic system indicated that it offered a reliable approach to diagnosis of thyroid function. If all three results fell into one area of thyroid function (e.g., hypothyroid, euthyroid, or hyperthyroid), the diagnosis was relatively certain. If the three results fell into or straddled a borderline, overlap, or "grey" area, then the diagnosis was uncertain and an appropriate additional test was necessary to establish the true function. If total T4 and TB! results diverged (i.e., these two values lay at opposite ends of the reference table), then an abnormality in binding of the serum proteins plus a euthyroid state was likely. The free thyroxine index in such a case was either euthyroid or borderline. By considering the overall pattern of the three results, Hypothyroid (7) Euthyroid (52) Hyperthyroid (24) Euthyroid on drugs (6) Total (89) Fig. 7 . Computer-generated report for a young pregnant woman who was also hyperthyroid The 181 Is normal and both the total 14 and FTI values are off the scale (Thick arrows). A 13-suppression test was suggested to confirm the diagnosis the true diagnosis was nearly always obvious in cases with abnormal binding. This was not so if only the FTI was considered (see Table 3 ). The overall diagnostic accuracy of this system was at least 99%.
By our methods, 50 euthyroid pregnant women had ranges of 10.0-20 g/dl for total T4, 1.05-2.00 for TBI, and up to 15.0 for FTI. Although pregnant women were excluded from the population whose results were used to construct Figure 1 , the typical euthyroid binding pattern of the three tests seen in pregnant women ( Figure 5 ) ensured that pregnancy did not cause confusion in diagnosis. Both pregnancy and hyperthyroidism increased the total T4, so that in pregnant women with hyperthyroidism the total T4 was very high. The TB! was then relatively normal, since pregnancy tended to raise it and hyperthyroidism to lower it. The FTI was therefore elevated, indicating hyperthyroidism.
Similar comments apply to women on estrogen therapy who developed hyperthyroidism.
Every pictorial report of the results of our routine battery of thyroid function tests (total T4, TBI, FT!) carried a printed analysis of the pattern produced. In the case of borderline patterns, suggested further testing procedures were added to the report. Before computerizing this system, we operated it manually by stapling preprinted reference scales to reports and adding handwritten notes. Thus noncomputerized laboratories could easily substitute a manual equivalent to the system outlined in this paper. During four years, more than 22 000 specimens were tested by using this system. Feedback from clinical personnel, both in hospital and private practice, indicated that the pattern analysis did aid interpretation.
We noted too that the suggestions for further tests were generally accepted and acted upon. The highest and lowest results observed for each of the three tests were 38.0 and 0.5 ig/dl for the total P4, 2.20 and 0.44 for the TB!, and 53.0 and 0.3 for the FT!. Table 2 gives the findings when 1000 consecutive routine thyroid profiles were analyzed. Almost 70% of patterns were definitely euthyroid, 10% definitely abnormal, and 15% borderline. The other 5% of cases were on thyroxine replacement. Table 3 gives the results for FTI in 300 euthyroid cases where the routine thyroid patterns were consistent with binding abnormalities. In subjects with increased binding, our FTI alone was an excellent indicator of thyroid status, but it was a less accurate indicator in cases with decreased binding. In the latter group it was the pattern of the three tests which indicated the true thyroid function, and this may have been related to the increased coefficient of variation for the total T4, and hence of the FTI, in the lower ranges (7). In performing a T3-suppression test, our criterion for a euthyroid response to 20 tg of T3 orally each 6 h for 14 days was a decrease in FTI by at least 3.0 units (12) . Our criterion of a euthyroid response to a TSH-stimulation test was an increase in Vfl by more than 3.0 units, 24 h after intramuscular injection of 10 mt. units of thyrotropin ("Thytropar"; Armour) (13) . A preprinted note detailing instructions how to perform and interpret these tests was stapled to each report when they were suggested. From Table 2 it is seen that 15.4% of routine patterns were equivocal: 6.4% for hyperthyroidism and 9.0% for hypothyroidism. Table 4 shows the results of further testing of such cases: 23% of T3-suppression tests and 44% of TSH-stimulation tests indicated abnormal thyroid function in these subjects. 
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